During metamorphosis, the nervous system of a holometabolous insect changes significantly. Attempts to demonstrate preimaginal conditioning, here taken to mean the retention of learning through metamorphosis, have given mixed results. We used two behavioural assays (the T maze and trap assay) to see whether a change in adult responsiveness could be induced by exposing Drosophila melanogaster larvae to a conditioning stimulus. There was no evidence for preimaginal conditioning from either assay, but the trap assay demonstrated that menthol contamination from the larval environment on the puparial surface could induce a change in adult behaviour. Exposure of adult insects to this contamination could give the appearance of preimaginal conditioning, when in fact the behavioural induction occurred during the adult stage. Young flies responded less strongly than older flies to the odour cues in both assays. This may explain the apparently contradictory findings of some earlier studies of preimaginal conditioning.
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An insect's life cycle is punctuated by a series of moults. Holometabolous insects show a dramatic and complete metamorphosis between a distinct larval stage and a distinct adult stage, separated by a pupal stage. Pronounced changes in the nervous system are associated with metamorphosis. During the pupal stage of Drosophila the larval sense organs undergo histolysis and adult sense organs are formed de novo from imaginal disks (Hartenstein 1988; Carlson 1991) . The mushroom bodies (the 'association centres' of the fly brain) are extensively neuronally rewired during metamorphosis (Technau & Heisenberg 1982) .
Given these dramatic changes in the structure of the nervous system, any demonstration that an adult insect retains learning acquired in the larval stage would be of great interest. There is accumulating evidence for the retention of operant learning through metamorphosis from studies on the mealworm Tenebrio (Borsellino et al. 1970; Somberg et al. 1970; Alloway 1972; Punzo & Malatesta 1988) . Studies with Drosophila, however, have given mixed results. Tully et al. (1994) have shown that larval D. melanogaster could learn to avoid an odour that was paired with presentation of an electric shock. The conditioned avoidance could still be detected in the adult flies. Tully et al.'s experiment is convincing, but their study has yet to be repeated and the relevance of electric shock as a reinforcing stimulus to the natural situation is unclear.
Drosophila larvae possess the ability to learn the features of a high-quality food resource (Dukas 1998). Retention of this learning might allow adults to locate an oviposition site suitable for larval development more quickly. Many studies have investigated whether exposure of larvae to different rearing environments could induce changes in odour responses in the adults, implying that the induced change in responsiveness could persist through metamorphosis. Thorpe (1939) recorded an induced change in the response of adult Drosophila to odours they had experienced in the larval stage. He described this as preimaginal conditioning, later defined as 'a conditioning effect carried over from the larval stage to the adult stage' (Thorpe 1956). His findings were later repeated by Hershberger & Smith (1967) , but similar studies by Jaenike (1982) found no evidence for preimaginal conditioning.
It has been claimed that many such studies failed to prove that the conditioning was genuinely preimaginal. Exposure to the conditioning stimulus in the early imaginal stage might be enough to change behaviour (Jaenike 1983; Vet 1983) and in some studies it is unclear when the conditioning took place (e.g. Manning 1967). Exposure of the emerging adults to the conditioning odour via contamination on or in the pupa or cocoon might be enough to change their subsequent behavioural responses (Thorpe 1939; Jaenike 1982; Corbet 1985) . Certainly, the behaviour of parasitoids can be influenced by brief exposure of adults to odour cues from the cocoon
